A new, simple, and rapid spectrophotometric method for the microdetermination of dithianon, on the basis of its reaction with a dithiocarbamate, is described. The red color, which develops instantaneously when mixing the fungicide with the reagent in acetonitrile, is stable for at least 1 h and is measured at 520 nm. Beer's law is applicable up to 12 µg/mL dithianon concentration. The method has been successfully adapted to the analysis of the fungicide in commercial formulations and its residues on grains and apple (fruit and leaves). A photometric titration method for formulation analysis of the fungicide has also been developed.
D
ithianon-2,3-dicyano-1,4-dithioanthraquinone (Figure 1) is a wide-spectrum fungicide formulated from a quinone derivative. It has a prolonged action, exhibits a high effectiveness, and is recommended for use against apple and pear scab. The wide use of this fungicide in agriculture necessitates convenient and reliable methods for analysis of technical formulations and of its residues on foodstuffs.
We developed a sensitive spectrophotometric method for the determination of dithianon based on the observation that it reacts with sodium diethyldithiocarbamate in acetonitrile instantaneously to form a soluble bright-red product showing maximum wavelength (λ max) at 520 nm. The color is stable for at least 1 h, and Beer's law is followed up to 12 µg/mL dithianon concentration. The method has been successfully adapted for the analysis of the fungicide in its commercial formulations and its residues on grains and apple (fruit and leaves). The method consists of reacting the fungicide with sodium diethyldithiocarbamate in acetonitrile. The red color, which develops instantaneously, is measured at 520 nm. The residues on grains are extracted with acetonitrile, the extracts are mixed with the reagent in the same solvent, and the absorbance is measured at 520 nm. In the case of apple fruits and leaves, the residues are extracted with acetonitrile and then cleaned up by chromatography on a silica gel column. After the elute is concentrated by evaporation, the residues are diluted with acetonitrile and mixed with sodium diethyldithiocarbamate, and the absorbance is measured at 520 nm. (b) Column chromatography.-Performed with a glass column (30 × 1.3 cm id), using 5 g silica gel, held in place with a glass wool plug with 500 mL capacity reservoir. (d) Eluting solvent.-A mixture of equal volumes of n-hexane and diethyl ether. Hexane (light petroleum, boiling range 60E-80EC) and diethyl ether (Glaxo, Mumbai, India) were purified by previously reported procedures (2) .
Experimental

Apparatus
Reagents
(e) Silica gel.-60-120 mesh, Sisco Research (Mumbai, India), heated at 500EC for 4 h, cooled, and stored at 120EC.
All other chemicals used in the analyses were of guaranteed reagent grade.
Direct Colorimetric Procedure
(a) Preparation of calibration graph for pure dithianon.-Dithianon standard solution was prepared by dissolving 2.5 mg of the pure compound in acetonitrile and diluting it to 10 mL with the same solvent. This solution contained 0.25 mg/mL of dithianon. Each aliquot of this solution was diluted to 10 mL prior to absorbance measurements.
Aliquots (0.1-1.0 mL) of standard solutions of pure dithianon in acetonitrile were mixed with 2 mL of ca 0.01M sodium diethyldithiocarbamate in acetonitrile and made up to 10 mL with acetonitrile. The absorbance of each solution was measured against a reagent blank, and a calibration curve was prepared. The relationship between concentration of dithianon and absorbance was linear up to 12 µg/mL.
(b) Formulation analysis.-A wettable powder formulation (Delan, Agronule, Ahmedabad, India) containing 75% active ingredient was used. A single large sample of the formulation equivalent to 6.25 mg active ingredient was weighed, shaken with 10 mL acetonitrile, and filtered. The residue (if any) was washed 2-3 times with acetonitrile. The filtrate and washes were diluted to a known volume (25 mL) with the same solvent. Aliquots of this solution were then mixed with sodium diethyldithiocarbamate reagent and the analysis was completed as described above for the pure compound. Assay results are presented in Table 1 .
Residue Analysis
(a) Recovery experiments.-Dithianon standard solution was prepared by dissolving 10 mg dithianon in 50 mL acetonitrile; 10 mL of this solution was diluted to 100 mL with acetonitrile for a final concentration of 20 µg/mL dithianon.
Aliquots of the standard solution of dithianon were added to 5 g portions of grains (wheat and barley). The samples were mixed thoroughly and extracted 5 times, each time using 3 mL acetonitrile in 25 mL volumetric flasks. The combined extracts were then mixed with 2 mL sodium diethyldithiocarbamate (ca 0.01M in acetonitrile). The absorbance of each solution was measured at 520 nm against a reagent blank. Assay results are presented in Table 2 .
In the case of apple fruits and leaves, known weights of samples (20 g) placed in glass containers were sprayed with various amounts of standard dithianon solution (in acetonitrile). The samples were well mixed and blended mechanically with a Teflon-bladed stirrer with 100 mL acetonitrile in the same containers for 5 min and filtered through a Buchner funnel fitted with a glass sinter. The resi- due of each sample was washed 5 times with acetonitrile, and the combined extracts were cleaned up on silica gel column by using 200 mL n-hexane-diethyl ether (1 + 1, v/v) as the eluting solvent topped with 2 g anhydrous sodium sulfate as the drying agent, to prevent absorption of atmospheric moisture. The eluate was collected in a 500 mL flask and concentrated to dryness on a water bath whose temperature was kept below 40EC. The residue was mixed with 8 mL acetonitrile and 3 mL sodium diethyldithiocarbamate (ca 0.01M in acetonitrile), and the volume was brought to 25 mL with acetonitrile. The absorbance of each solution was measured at 520 nm against a reagent blank. Assay results are presented in Table 3 .
(b) Residue analysis.-Grains (wheat and barley) were sprayed with the fungicide formulation (aqueous dispersion) at a concentration of 2-8 g/L and a rate of 100 mL/kg grain. Sprayed samples were dried in the sun, and, from these lots, samples of 15-20 g were taken for residue analysis and processed as described in Recovery Experiments. The results are given in Table 4 .
The apple plants bearing fruits and leaves were sprayed with the recommended dose, that is, 0.25% of an aqueous dispersion of fungicide formulation. After 7, 15, 20, and 30-day intervals, the leaves and fruits were removed for residue analysis, which was performed as described above in Recovery Experiments. The results are given in Table 5 .
Photometric Titrimetric Procedure
(a) Determination of dithianon.-Aliquots (0.2-1.0 mL) of solutions in acetonitrile of the pure compound were diluted to 6 mL with acetonitrile. Each solution was titrated photometrically at room temperature (ca 23EC) against a standard sodium diethyldithiocarbamate solution (in acetonitrile) at 520 nm. Dilution corrections were applied, and the titration curves were plotted in the usual way. The absorbance increased linearly up to the quantitative formation of the product and, thereafter, attained an almost constant value. An inverted L-shaped curve was obtained in each case (Figure 2) . The results are given in Table 6 .
(b) Formulation analysis.-Aliquots of the acetonitrile extracts of the formulation were diluted to a known volume with acetonitrile and titrated photometrically with the reagent in the same manner as described above for the pure compound. The results are given in Table 1 .
Results and Discussion
The proposed colorimetric method for the determination of dithianon is simple, rapid, and sensitive and can be used for the determination of as little as 0.6 µg/mL fungicide solution.
1300 VERMA ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 82, NO. 6, 1999 Dithianon in the range 0.6-12 µg could be determined with a maximum relative standard deviation (RSD) of 1.0%. The method has been successfully applied to the analysis of a formulation of dithianon for its active ingredient content. The recoveries were in the range 96.8-98.9%, with RSDs in the range 0.42-0.56% (Table 1) . Also shown in Table 1 are the results obtained using an independent method (2). Recoveries of dithianon from fortified grain samples (wheat and barley) and apples (fruit and leaves) were good, ranging from 94.2-98.8% for grains (Table 2) and from 94.6-98.8% for apples (Table 3) , with RSDs ranging from 0.30-0.36% and from 0.42-0.68%, respectively. Results of residue analysis of treated samples are given in Tables 4 and 5 .
Results of analysis indicate that each molecule of dithianon consumes 2 moles dithiocarbamate. The most plausible course of reaction is (see Figure 3) :
That dithianon possesses active cyanide groups and undergoes a number of reactions through these groups is well known (3) (4) (5) . The above stoichiometry is further supported by high accuracy and precision obtained in photometric titrations of the fungicide with the dithiocarbamate. [The nuclear magnetic resonance (NMR) studies of the final product provide more definite characterization of the above course of reaction. The signals appearing at 7.33* (complex 4H, aromatic), 3.00* (q, 4H, methylene protons), and 1.2* (t, 6H, terminal methyl groups) clearly establish the structure of the final product.]
The results given in Table 6 show that dithianon in the range of 2.5-12.5 µg could be determined by spectrophotometric titrations with a maximum RSD of 0.80%. When the assay was used for the determination of dithianon content in a commercial formulation, the recoveries were in the range of 97.0-99.3%, with RSDs in the range of 0.36-0.48% (Table 1). While spectrophotometric titration procedures are more rapid (no calibration curve is required), accurate, and precise than are direct colorimetric procedures, the latter are more sensitive. 
